HD 219134 is a K-dwarf star at a distance of 6.5 parsecs around which several low-mass planets were recently discovered 1,2 . The Spitzer space telescope detected a transit of the innermost of these planets, HD 219134 b, whose mass and radius (4.5 M Earth and 1.6 R Earth respectively) are consistent with a rocky composition 1 . Here, we report new highprecision time-series photometry of the star acquired with Spitzer revealing that the second innermost planet of the system, HD 219134 c, is also transiting. A global analysis of the Spitzer transit light curves and the most up-to-date HARPS-N velocity data set yields mass and radius estimations of 4.74 ± 0.19 M Earth and 1.602 ± 0.055 R Earth for 219134 b, and of 4.36 ± 0.22 M Earth and 1.511 ± 0.047 R Earth for HD 219134 c. These values suggest rocky compositions for both planets. Thanks to the proximity and the small size of their host star (0.778 ± 0.005 R ¤ 3 ), these two transiting exoplanets -the nearest to the Earth to date -are well-suited for a detailed characterization (precision of a few percent on mass and radius, constraints on the atmospheric properties...) that could give important constraints on the nature and formation mechanism of the ubiquitous short-period planets of a few Earth masses.
2015. Our analysis of the extended HARPS-N dataset (see Methods) resulted in an updated transit ephemeris for HD 219134 c that we used to schedule a monitoring campaign of its transit window with the Spitzer space telescope in spring 2016.
We observed HD 219134 at 4.5µm with the Spitzer/IRAC detector 6 in subarray mode (32x32 pixels windowing of the detector) with an exposure time of 0.01s. The observations were done without dithering, in the so-called PCRS peak-up mode 7 . This maximizes the accuracy in the position of the target on the detector, and thus minimizes the well documented 'pixel phase' effect of IRAC InSb arrays 8 . The observations were performed on 26 Mar and 29 Apr 2016. Both runs lasted 7.5 hrs. They covered, respectively, the first and second part (with significant overlap to avoid any ambiguity due to a partial transit) of the 2σ transit window of HD 219134 c. We also observed the star for 6.5 hours on 16 Mar 2016. These preliminary observations targeted a transit of HD 219134 b in order to confirm the transit of the planet and to improve the precision of its transit ephemeris and radius.
We calibrated the Spitzer images with the computing pipeline S19.2.0 and we performed aperture photometry of the stellar fluxes, using the same aperture of 2.3 pixels for the three datasets. As in ref. 1, the resulting light curves were binned to a time sampling of 30s for the sake of computational speed of the data analysis, but we checked with a short analysis of the original light curves that our results are insensitive to the applied binning.
We used a Markov Chain Monte-Carlo (MCMC) code 9 to explore for each photometric timeseries a large range of models, each including an instrumental model to represent Spitzer systematics (see Methods) and assuming or not a transit represented by the eclipse model of ref. 10 . We compared the different models using the BIC 11 (Bayesian Information Criterion) as a proxy for the marginal likelihood of the models tested. The presence of a transit was decisively favored (Bayes factor 12 > 1000) for all three time-series ( We determined a stellar mass of 0.81 ± 0.03 M ¤ with the stellar evolution modeling code CLES 13 , using as inputs the radius and effective temperature as measured in ref. 3 , and the metallicity as derived from spectroscopic analysis 1 (see Table 1 ). We varied the internal physics for convection efficiency, possible core extra-mixing, and initial helium abundance. The error budget includes the associated uncertainties on the input parameters, but is dominated by the uncertainty on the initial helium abundance when modeling stellar evolution. The uncertainties on convection and extra-mixing parameters have relatively low contributions. Only old stellar ages were obtained (11.0 ± 2.2 Gyr), consistently with the long magnetic cycle and the slow rotation inferred for this star 14 . This old age is also consistent with previous works that favored an age between 6 and 11 Gyr 15, 16, 17 . Compared to this broad age range, our smaller uncertainty can be attributed to the highly precise stellar radius and temperature constrained by interferometry 3 ( Table 1 ) that we used as inputs to our stellar evolution modeling, unlike these previous works.
We then performed a global MCMC analysis of all our data (HARPS-N RVs + Spitzer photometry, including the initial HD 219134 b transit light curve 1 ) , to get the strongest constraints on the parameters of the short-period planets orbiting HD 219134 (see Methods). A circular orbit was assumed for HD 219134 b, its proximity to the star resulting in a computed tidal circularization timescale 18 of 80 Myr when assuming a tidal quality factor 19 of 100, corresponding to the maximum value derived for terrestrial planets and satellites of the solar system 19 . The same computation for planet c resulted in a tidal circularization timescale of 2.5 Gyr, so we conservatively left its orbital eccentricity free in our analysis. Table 1 presents the resulting values and error bars for the system parameters, while Figure 1 shows the light curves corrected for the systematics and the best-fit transit models.
As HD 219134 is a well-characterized, bright and nearby star, the detection of the transits of its two inner planets makes possible the first detailed characterization and comparative study of two massive rocky planets orbiting the same star. Notably, an intense RV and photometric follow-up could improve the precision on the planets' masses and radii down to the 3% and 1% levels (currently: 4.5% and 3%), respectively, thanks to very well-constrained values of the stellar mass and radius (see Methods). Assuming rocky compositions for both planets, which is consistent with our measurements (Fig. 2 , ref. 20) , and applying a semi-empirical mass-radius relation based on Earth's seismic model 21 , we infer core mass fractions (CMF) of 0.09 !!.!" !!.!" and 0.26±0.17 for planets b and c, respectively. These CMF values have to be compared to a CMF of 0.33 for Earth 21 . At this stage, we can thus only conclude that our current dataset marginally favors a CMF smaller than Earth's for planet b. With the improved precisions on the planets masses and radii mentioned above, the errors on the planets' CMF would drop to 5-6%, making possible much stronger inferences on their compositions. Still, these inferences would rely on the assumptions that both planets have negligible volatile contents and atmospheric extents, as larger CMFs combined with significant volatile contents and/or extended hydrogen-dominated atmospheres could result in the same measured masses and radii 20, 22 . Fortunately, the host star is small and bright enough to make it possible to constrain the atmospheric extents and compositions of the planets by transit transmission spectroscopy with the Hubble Space Telescope (HST), and, possibly, by occultation emission spectroscopy with the James Webb Space Telescope (JWST) which is due to launch in 2018 (see Methods).
The theories of formation of short-period planets of a few Earth masses fall into two main classes, one assuming a formation far from the star, outside the snow line, followed by a significant inwards migration by gravitational interaction with the gas disc 23 , and the other assuming in-situ formation 24, 25 . The latter requires the establishment of a very high surface density of dust grains in the inner protoplanetary disc. These grains then coagulate to form ~cm-sized "pebbles". These are caught by gas drag and migrate inwards to the inner edge of the gas disc where they accumulate, and eventually form close-in planets by gravitational instability or core accretion 26, 27 . The two classes of models predict different planetary compositions, the former and latter favoring, respectively, volatile-rich and volatile-poor compositions 28 . Very strong constraints on the planets' compositions could thus help to discriminate their origins. Still, the large irradiation received by the planets during the ~11 Gyrs since their formations could make this discrimination a challenging task even in that case, as it could have significantly altered their initial structures and compositions.
The transiting nature of both HD 219134 b and c increases the probability that planets d and f transit too. Using the formalism of ref. 4 , we compute posterior transit probabilities of 13.1 % and 8.1 % for planet f and d, respectively, significantly greater than their prior transit probabilities of 2.5 and 1.5 % (see Table 1 ). A transit detection for one or both of these planets would increase further the importance of the system for comparative exoplanetology, and a search for their transits is thus highly desirable. Although such a transit search is probably out of reach of ground-based telescopes, it could be performed again by Spitzer, whose operations have been extended to end-2018, or by the space missions TESS 29 Online Content. Methods, along with any additional Supplementary Information display items, are available in the online version of the paper; references unique to these sections appear only in the online paper. 
METHODS

HARPS-North radial velocities
The determination of the transit ephemerides of HD 219134 b and c (see below) was based on 553 radial velocity measurements gathered by the HARPS-N spectrograph 5 between 9 Aug 2012 and 3 Sep 2015, including the 481 measurements presented in ref. 1 . We acquired 110 additional HARPS-N measurements between 3 Sep and 9 Nov 2015, expanding our RV time-series to 663 measurements that we used as input data in our global analysis aiming to constrain the orbital and physical parameters of the four inner planets of HD 219134. All the HARPS-N measurements were obtained with the same observational and reduction strategy described in ref. 1 .
Transit ephemerides determination
Our determination of the transit ephemerides of HD 219134 b and c was based on a two step analysis of the first 553 HARPS-N radial velocities. First, we used the Systemic Console software 31 to identify the best-fitting planetary solutions (number of planets + orbits), then we used an adaptive Markov Chain Monte-Carlo (MCMC) code 9 to explore each of these solutions in terms of model marginal likelihood and posterior probability distribution functions (PDFs) of the planetary parameters, including the transit ephemerides of planets b and c. Using the BIC as a proxy for the marginal likelihood of the tested models, we elected as our nominal model one star and four planets on Keplerian orbits about their common center of mass (see Table 1 ). This was added to a baseline model consisting of polynomial functions of time, cross-correlation function 32 parameters (bisector and width), and the log(R' HK ) stellar activity indicator 33 to represent the remaining signal of planetary (longperiod planet(s)) and stellar origins (Supplementary Table 2 We measured the quadratic difference between the standard deviation of the best-fit residuals and the mean internal error estimate to derive a `jitter' noise 34 of 1.1 m.s -1 which was then added in quadrature to the measurement uncertainties. Including the mid-transit time measured for HD 219134 b in ref. 1 as prior, we explored then thoroughly our selected model with five Markov Chains of 100,000 steps, the first 20% of each chain being considered as its burn-in phase 9 and discarded. The resulting mid-transit ephemerides -that we used to plan our Spitzer observations -were T b = 2457126.7001 (±0.0010) + N x 3.09321 (±0.00038) BJD TDB and T c = 2457474.22 ± 0.11 + N x 6.7632 (±0.0017) BJD TDB for, respectively, planet b and c.
Stellar evolution modeling
We used the CLES code 13 to model the evolution of the host star in order to estimate the stellar mass and the age of the system. We used as inputs the stellar effective temperature from ref. 3 , and the metallicity as derived from the spectroscopic iron abundance from ref. 1 . We also estimated the stellar metallicity from several elemental abundances 35 and found similar results. For the solar reference we used the abundances of ref. 36 . Microscopic diffusion (gravitational settling) of elements were included following the prescription of ref. 37 . We varied the internal physics for convection efficiency, possible core extra-mixing (due to overshooting during early evolution phases, rotationally induced mixing, etc.), and initial helium abundance. Since the helium atmospheric abundance cannot be directly measured from spectroscopy, we computed evolutionary tracks with various initial helium abundances, for a quasi-primordial value (Y 0 =0.25), a protosolar value (Y 0 =0.27), and values obtained from the general trend observed for the chemical evolution of galaxies (up to Y 0~0 .30).
Limb-darkening coefficients
As in ref. 1, we assumed a quadratic law 38 to represent the limb darkening and its impact on the shape of the transit light curves 10 . Values for the two quadratic limb-darkening coefficients u 1 
Global MCMC analysis
We performed a global MCMC analysis of the HARPS-N and Spitzer time-series to derive the strongest possible constraints on the parameters of the system. This global analysis consisted in five Markov chains of 100,000 steps. Their convergence was successfully checked with the statistical test of ref. 41 . Supplementary Table 2 presents the models selected by minimization of the BIC for each individual data set. The model assumed to represent the RVs was the same as for our transit ephemerides determination (see above).
Supplementary Table 2 also shows for each light curve the error correction factor (CF) representing both the over-or under-estimation of the white noise of each measurement and the presence of correlated (red) noise in the data (see ref. 1 for details). The jump parameters of the MCMC, i.e. the parameters randomly perturbed at each step of the Markov chains, were the following.
-The stellar mass, radius, effective temperature, and metallicity [Fe/H]. For these four parameters, normal prior PDFs based on the values given in Table 1 were assumed.
-For HD 219134 b and c, the planet/star area ratio dF = (R p /R * ) 2 , and the parameter b' = a cosi /R * , where a is the orbital semi-major axis and i is the orbital inclination. b' is the transit impact parameter in the case of circular orbit. For the two other planets, dF was fixed to an arbitrary value and b' was fixed to zero, as no transit of these planets was expected to happen during the Spitzer observations.
-For the four planets, the orbital period P, the time of inferior conjunction T 0 (corresponding to the mid-transit time for transiting planets), the parameter K 2 = K 1 − ! ! P 1/3 , where K is the RV semi-amplitude and e is the orbital eccentricity, and -except for HD 219134 b for which a circular orbit was assumed -the two parameters ! cosω and ! sinω, where ω is the argument of periastron.
At each step of the MCMC, orbital, physical, and eventually transit (duration, impact parameter) parameters of the planets are computed from their jump parameters (see ref. 12 and references therein). Table 1 presents for the four planets the resulting median and 1-σ errors of the resulting posterior PDFs for the most physically relevant parameters. Figure 1 shows for the four Spitzer light curves the best-fit transit models and the light curves divided by the best-fit baseline models. Supplementary Figure 1 shows the raw Spitzer light curves and the corresponding best-fit global model (transit + baseline). Supplementary Figure 2 shows the best-fit Keplerian RV models for the four planets.
In a final stage, we performed a global analysis of the Spitzer photometry alone, assuming a uniform prior PDF for the stellar radius to derive the value of the stellar density constrained only by the transit photometry 42 . For this analysis, we assumed the orbits of both planets b and c to be circular. It resulted in a stellar density of 1.7 !!.! !!.! ρ ¤ , in excellent agreement with the density of 1.719±0.073 ρ ¤ derived when using the a priori knowledge of the stellar radius. This test brings a further validation of the planetary origin of the transit signals.
Potential for future improvements in precision of radii and masses of planets b and c
Transit observations allow measurement of the planet/star area ratio dF = (R p /R * ) 2 . The derivative of this formula shows that the relative error on the planetary radius σR p /R p is proportional to the relative error on the stellar radius, σR * /R * , and to half of the relative error on the transit depth, 1/2 σdF/dF. Asssuming that σR * /R * and dF/dF are uncorrelated, σR p /R p can thus be expressed as the quadratic sum:
Injecting the values and errors of R * and dF shown in Table 1 for planets b and c into equation (1) results in relative errors of, respectively, 3.4% and 3.1%, in perfect match with the relative errors deduced from the MCMC.
Assuming an improvement of a factor ~5 of the precisions on the planets' transit depths resulting from an intense photometric monitoring campaign of their transits with, e.g., Spitzer (at least 50 transits observed for both planets), the formula above predicts relative errors <1% on the planets' radii, thanks to the precision of 0.64% on the stellar radius.
Assuming a circular orbit and perfectly-determined orbital period and inclination, the same approach shows that the relative error on the mass of a planet deduced from RV measurements can be expressed 43 as the quadratic sum:
Injecting the values and errors of M * and K shown in Table 1 for planets b and c into this equation results in relative errors of 4% and 5% for the masses of planet b and c, respectively, in perfect agreement with the relative errors σM p /M p deduced from the MCMC (Table 1) . Considering the precision of 3.7% on the stellar mass, equation 2 predicts precisions ~3% for the planets' masses, provided improvements of a factor ~2 for the precisions of the RV semiamplitudes that could be achieved after several years of an intensive RV monitoring campaign of the star (at least 2000 new RV measurements).
Potential for atmospheric characterization of the planets with HST and JWST
HD 219134 is a relatively small star (0.778±0.005 R ¤ ) 3 and is a very bright infrared source (K=3.25). Both features make it an a priori favorable target for the atmospheric characterization of its two transit inner planets by eclipse transmission and emission spectroscopy 42 . To quantify this potential, we computed for both planets estimates for the amplitudes of the signals in transmission and emission under different assumptions. For transmission, we used the formula 42 :
where ΔdF is the increase in transit depth at a wavelength corresponding to a strong atomic or molecular transition, R p is the planet's radius, N H is the effective atmospheric extent in atmospheric scale height for a strong transition, and H is the atmospheric scale height given by:
where k b is Boltzmann's constant, T is the temperature of the upper atmosphere at the planet's terminator, µ m is the mean molecular mass, and g is the planet' surface gravity. For these order of magnitude computations, we equated T to the equilibrium temperature of the planet's dayside T eq computed as:
where T eff,* and R * are the star's effective temperature and radius, a is the planet semi-major axis, A B is its Bond albedo (assumed to be 0.25) and f' is a factor indicating the efficiency of the heat distribution from the day-side to the night-side. Given the short orbital periods of the planets, we can assume that they are tidally locked 44 , i.e. that tidal forces have trapped them in a 1:1 spin-orbit resonance, like the Moon to the Earth. If such a planet harbors a dense enough atmosphere, it will efficiently distribute the heat to its night side and f' will be close to 1/4. Otherwise, the thermal gradient between both hemispheres will be large and f' could be as large as 2/3. For our transmission computations, we assumed f'=1/4. N H is a number ranging between 0 and 10, depending on the presence of clouds, on the spectral resolution and on the covered spectral range 22, 45 . For these estimates, we assumed N H = 5. For the atmospheric mean molecular mass µ p , we tried the following values (in atomic mass units): 2, 18, and 44, corresponding respectively to pure molecular hydrogen, water, and carbon dioxide atmospheres.
For emission estimates, we computed the depth of the occultation of the planets at different infrared wavelengths (1.5-5-10-15-20 microns), using the formula:
where B(T,λ) is the Planck function at wavelength λ for a black body of temperature T. For both planets, we computed the occultation depths assuming f'=1/4 and f'=2/3 in equation (5).
Supplementary Table 3 presents our computed signal estimates for both transmission and emission. The ~5σ detection of a hydrogen-dominated atmosphere by transit transmission spectroscopy would require spectrophotometric precisions of the order of 15 and 10 ppm for, respectively, planet b and c. Spectrophotometric precisions of ~20ppm per transit have been recently reached for the planet 55 Cnc e with the Wide-Field Camera 3 aboard HST, for a spectral sampling ~20 nm and within a spectral range of 1.1 to 1.7 µm 46 . HD 219134 is slightly brighter than 55 Cnc in this spectral range (J=3.9 vs J=4.6), but for such bright stars, the precisions are limited not by the photon noise but by the instrumental systematics. It is thus reasonable to assume that HST/WFC3 could reach for HD 219134 precisions of 20 ppm per transit for a similar spectral sampling, which would make possible detecting molecular signatures for both planets, provided that they harbor extended H 2 -dominated atmospheres. In case of more compact (e.g. H 2 O-or CO 2 -dominated) atmospheres, the transmission signals would have amplitudes of only a few ppm, which would be out of reach for HST.
In theory, the largest aperture of JWST should allow it to reach photon noise levels less than 1 ppm in transmission spectroscopy for a star as bright as HD 219134. Unfortunately, the star is too bright for unsaturated spectroscopic observations for most JWST instruments 47 . The exception is the NIRCAM instrument, for which a new science mode has been recently introduced that will make it possible to observe spectra in the 1 µm to 2 µm range for stars as bright as K=2, or even brighter 48 . Here too, the precisions will be limited not by the photon noise but by correlated noises of instrumental origins. Considering the similitude between the NIRCAM and WFC3 instruments, it is reasonable to assume a spectrophotometric precision limit of ~20ppm per transit, an order of magnitude too large for the detection of compact atmospheres around the planets.
It is possible that the large irradiation received by the planets could produce extended exospheres of hydrogen photoevaporated from their atmospheres or of heavier atomic species carried upward along with the hydrogen flow through collisions or ejected from the planets' surfaces by the strong stellar winds 49 . As such an expanding exosphere can cover a much larger fraction of the star than the planetary disk, transit transmission spectroscopy performed at wavelengths corresponding to strong electronic transitions -in the ultraviolet and the visible -is a valuable method to detect and study them, as demonstrated, e.g., by the recent detection of an hydrogen exosphere around the hot Neptune GJ 436b 50 . Such exosphere detections could be attempted for different species producing particularly strong lines (e.g. H, Na, Ca + , Mg...) with HST and even ground-based telescopes 49 , and could place valuable constraints on the planets' atmospheric compositions.
The expected emission signals of both planets, especially of planet b, are large enough beyond 5 µm to make in theory their occultations detectable with current technology (Supplementary Table 3 ). The JWST/MIRI instrument would be well suited to measure the planets' dayside emission spectra in the 5-29 µm, but for the brightness of the star that would make it saturate the detectors for all MIRI instrumental modes 47 , except maybe the MRS mode that has still to be validated for time-series observation (N. Lewis, private communication, ref. 51).
Code availability
The photometric reduction of the Spitzer images was done with a custom-made IRAF pipeline. IRAF is distributed by the National Optical Astronomy Observatory, which is operated by the Association of Universities for Research in Astronomy, Inc., under cooperative agreement with the National Science Foundation. The MCMC software used to analyse the photometric and RV time-series data is a custom Fortran 90 code. Our Spitzer photometric pipeline and MCMC code are available upon request to the first author.
Data availability
The data that support the plots within this paper and other findings of this study are available from the corresponding author upon reasonable request. For the emission estimates, the two values correspond to heat distribution factors f' = 1/4 and 2/3 (see Methods).
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